The use of fly larvae as protein source for poultry and agent of biodegradation of organic substrates such as manure proves to be a promising and innovative technology for resource poor farmers. The study aimed at categorizing the organic substrates regarding their capacity to attract flies and to produce fly larvae, and at discussing their utilization in the agricultural domain in southern Benin. A total of 390 farmers were surveyed from October to November 2015 in the six departments (Atlantique, Ouémé, Plateau, Mono, Couffo and Zou) of southern Benin using an open-ended questionnaire. Most of the farmers had limited knowledge on the use of fly larvae to feed poultry. Some of them were not aware of the role of fly larvae in the degradation of the organic substrates. Three utilizations of these organic substrates were mentioned by the farmers: organic fertilizer, fly larvae production, and food for poultry. Animals' intestines, carcasses, poultry manure, pig manure were mentioned as animal residues attracting flies and potentially suitable for fly larvae production. Suitable plant residues for fly larvae production included agro-artisanal by-products such as soybean bran, corn bran and sorghum bran; brewery malt, rotten papaya fruits, mango rind and rotten banana fruits. The study suggests that these different types of substrate should be assessed for their suitability in fly larvae production and that the quality of residues obtained from the degradation by the fly larvae should be evaluated in the perspective of soil fertility replenishment.
INTRODUCTION
Soil fertility is currently at the center of the debates on sustainability of production systems in Sub-Saharan Africa. The fertility of the productive soils of this region is declining (Hodomihou et al., 2011; Saïdou et al., 2012; Sossa-Vihotogbé et al., 2013) . This phenomenon is accelerated by inadequate practices such as exclusive use of inorganic fertilizers, burning and export of crop residues without proper restitution measures (Saïdou et al., 2008) . In Benin, this situation is particularly alarming in the southern part of the country where population density is high (Saïdou et al., 2003) . Soils of this region are acrisols and locally known as "Terre de barre". They are characterized by very low cation exchange capacity (Igué et al., 2013) derived from a stable low organic matter content (Saidou et al., 2003; Igué, 2009; Bloukounon et al., 2015) .
To achieve sustainable agricultural production on these soils, there is a need to intensify crop-livestock integrated cropping systems in which crops will benefit from the nutrients in the animal manure, which in turn is fed with crop products. This intensive farming system has a remarkable advantage as it optimizes the use of arable land area, which tends to decline due to the demographic pressure. Also, the use of organic manure was reported to improve crops production (Amadji et al., 2009; Bloukounon et al., 2015) . However, an organic manure of poor quality (i.e. immature and unstable) represents a loss for the farmers because they do not increase yields and, instead, increase the risk of phytotoxicity (Cambardella et al., 2003) . Composting organic manure usually increases its quality. But in the perspective of croplivestock integration, scientific research is increasingly turning towards less constraining systems that offer direct benefits for both agriculture and livestock.
The use of fly larvae to improve the biodegradation process of organic wastes is increasingly explored since larvae also provide a source of protein for poultry (Bouafou, 2007; Kenis et al., 2014) and residues can be used as compost for soil fertility replenishment (Diener et al., 2015; Koné et al., 2017) . The main fly species used for that purpose are the house fly (Musca domestica) and the black soldier fly (Hermetia illucens) (Pastor et al., 2015) . This technology is not well known in the developing countries even if there are neglected and locally available resources that can be used by farmers to produce larvae and high-value organic compost. Fly larvae easily degrade organic material of different origins such as domestic, market and agri-food waste, poultry, pig and cow manures and even human excreta (Diener et al., 2011; Banks et al., 2014) . Fly larvae activity induces a decomposition and humification of dissolved organic matter , an increased loss of water and ammonia, and growth of aerobic microorganisms (Čičková et al., 2015) generating a more stable bioproduct for soil restoration than the original substrate .
In Benin, research activities in this area are just starting. Djissou et al. (2015) evaluated the production of fly larvae in a few substrates. Pomalegni et al. (2016) presented farmer's perception on the use of fly larvae to feed poultry and types of substrates that produced larvae. Nevertheless, farmers typology of substrates regarding their capacity to produce fly larvae has not yet be addressed. Our study aimed at addressing these issues in order to improve the knowledge in the availability and the different use of the organic substrates that can be used for fly larvae production on farm. Specifically, it aimed at i) identifying the organic substrates attracting flies and those that are already used by farmers to produce fly larvae; ii) at identifying the different forms of utilization of these substrates by farmers ; iii) finally at making a typology of these organic substrates regarding their capacity to produce fly larvae.
MATERIALS AND METHODS

Study areas
The survey was carried out from October to November 2015 in the Atlantic, Ouémé, Plateau, Mono, Couffo and Zou departments located in southern Benin ( Figure  1 ). The climate of the study area is subequatorial with two dry and two rainy seasons. The region is characterized by acrisols from the continental terminal (USDA, 1998). These soils are known to be poor in organic matter (Saïdou et al., 2003) and require organic amendment for sustainable crop production.
Sampling method and type of data collected
The sample size was obtained by using the normal approximate of the binomial distribution proposed by Dagnelie (1998) .
Where U 1-α/2 is the normal random variable value with probability of 1-α/2, α is the error risk. For example if α = 5 %, the probability of 1-α/2 = 0.975 and U 1-α/2 = 1.96. p is the proportion of farmers involved in poultry breeding in the study area and d the error margin, which was fixed at 5% in this study. Considering that using fly larvae as protein source would be most useful to poultry farmers who, in the study area, are known to face difficulties in providing protein-rich poultry feed, we focused our survey on this category of farmer. We hypothesized that the technology of fly larvae production may be of high interest to them. Therefore, based on the p values and the statistics of poultry farming collected from the Direction de l'Elevage (2005), a total of 390 farmers who include poultry in their activities were selected.
The number of farmers per department was determined according to the relative proportion of poultry farmers in the departments (FAO, 2015) . Thus, 55, 47, 47, 35, 36 and 170 farmers were selected respectively in the Atlantic, Ouémé, Plateau, Mono, Couffo and Zou departments for the interview. In each department, the districts surveyed were selected based on the importance of poultry farming. Within a district, people to be interviewed were selected by simple random sampling. Table 1 presents the number of farmers interviewed in each district.
The interviews were conducted using an open end questionnaire allowing the respondents to express their point of view to a question asked.
Enumerators, mostly University students originating from the region were selected to carry out the survey. The farmers were asked to: list the organic substrates produced by the agricultural sector and are available in the rural areas; list the organic substrates attracting flies; state the traditional use of the listed substrates; provide information on farmers' indigenous knowledge on the practice of fly larvae; and rank the organic substrates regarding their performance in housefly production. This ranking was made by the farmers who have already produced fly larvae.
Data analysis
The Epidata software was used to record the data collected during the interviews. Then SPSS 16.0was used to determine the relative frequencies of responses given by the farmers on the practice of fly larvae production. For each substrate listed, the frequency of citation was calculated for each category as follows:
The factorial correspondence analyses were performed with R. 3.0.2 software linking the substrate identified with their utilization. For the ranking process, the rank mentioned by the absolute majority of people was considered. 
RESULTS
Inventory of the organic substrates
Several substrates used and/or produced by the agricultural sector were listed by the respondents. Table 2 shows the organic substrates from animal and plant origins cited by the farmers. The farmers cited more organic substrates from animal origin (75.38%) than from plants (7.43%). Animal carcass followed by sheep manure, cow dung, animal intestines, poultry manure and pig manure were the animal substrates most cited by the farmers. Rabbits manure, rotten or dried fish, rotten meat, human waste, rabbit skin and blood were mentioned by a few farmers.
With regards to the substrate from plant origin, the agro-processing by-products (corn bran, soybean bran, sorghum bran) followed by brewery waste and kitchen waste were the most mentioned. Mango rind, rotten papaya and rotten banana were also cited as substrates. Maize flour, cassava peel, mustard waste, crop residues, fodder and banana peels were all reported by less than 1% of the farmers.
The farmers' perception on the suitability of these substrates to attract flies is presented in Table 3 . About 65% of the farmers who mentioned animal's intestine as substrates indicated it as the best fly attractant, followed by animals' carcass mentioned by 81% of the farmers who cited it. Pig and poultry manures were ranked respectively third and fourth by most farmers. Cow dung, sheep and rabbit manures were not well ranked suggesting their weak performance in attracting flies. Among plant substrates, mango rind and rotten banana were ranked first and second respectively as fly attractants. Agro-processing by-products such as soybean bran, corn bran and sorghum bran were ranked third in terms of fly attraction whereas, brewery waste, rotten papaya and kitchen waste were less attractive. In general, according to the farmers' perception, animalbased residues attract much more flies compared to plant-based ones.
Utilization by farmers of the organic substrates
The main forms of utilization of the organic substrates by the farmers are presented in Figure 2 . The organic substrates were mostly used as soil amendment, food for poultry and, to a lower extent, for fly larvae production.
Among these substrates, according to the farmers' perception, only cow dung, pig manure, sheep manure, rabbit manure, poultry manure, and abbatoir waste are suitable for soil amendment. In general, cow dung, pig manure, sheep manure and rabbit manure were used for soil fertility restoration (Figure 2 ). Animals intestine and poultry manure were used for fly larvae production. The agro-processing by-products and brewery waste were used to feed poultry. Rotten papaya and kitchen waste were thrown away and eaten by scavenging poultry.
Farmers' perception on the performance of the organic substrates for fly larvae production Sixteen farmers (4%) said that they presently produce and use fly larvae to feed their poultry. These were asked to rank the substrates by their performance in producing fly larvae. The ranking is presented separately for substrates from animal and plant origins (Table 4) . Animals' intestine and poultry manure, and agro-processing by-products and brewery waste were classified as first and second in the two groups. (53) *: Numbers in parenthesis are the percentage of farmers who had used the substrate in larvae production and ranked, n=16.
DISCUSSION
Identification of organic substrate attracting fly larvae
The present study reveals that organic substrates from animals were more often mentioned by the farmers than that from plant residues. Such situation is due to the fact that animals are reared in all rural households in Benin and their substrates (carcass, intestine or manure) are more available than substrates of plant origin.
Among substrates from animal origin, intestines and carcasses are reported to be the most suitable to attract flies, certainly due to the putrefaction odor that characterizes them. Pig manure was reported to attract more flies than others manures. This is probably due to the fermentation odor which is a significant attractant for female house flies (Tang et al., 2016) . This observation made by the farmers corroborates the observation of Bouafou (2011) who showed that pig manure is among the most suitable substrates for fly larvae production. Cow, rabbit and sheep manures were cited as less attractive for flies. These substrates have a lower ammonia content due to the quality of feed eaten by the animals and release less putrefying odors.
Mango rind was ranked as the best fly attractant among substrates of plant origin, probably because of its high sugar content. However, not all attractive substrates can produce fly larvae. Egg hatching and larval development require specific conditions of moisture, texture and temperature (Myers et al., 2008; Sanchez-Arroyo and Capinera, 2008; Sheppard and Newton, 2011) . That may explain why the ranking provided by the farmers regarding fly attraction differs from that for fly production.
Utilization of the substrates degraded by the fly larvae
Cow, pig, sheep and rabbit manures are extensively used as organic manure contrary to poultry manure. This is due to the fact that poultry, largely dominated by chicken in the region (Karim et al., 2013) is reared in extensive systems where animals are scavenging. This makes the collection of manure for crop production problematic. In contrast, cow, pig, sheep and rabbit are reared in semi extensive systems where the manure can be easily collected and stored for fertilization. The use of poultry manure for fly larvae production has been reported by farmers who reared poultry in semiconfinement. The agro-processing byproducts (corn bran, soybean bran, sorghum bran) were also reported as substrates suitable for fly larvae production, which are often observed when these agro-processing byproducts are stored for their use as animal feed.
Fly larvae production in the organic substrates
Only 4% of the farmers produced fly larvae as a source of protein for poultry. This frequency is rather similar to the 5.73% observed by Pomalegni et al. (2016) in Benin. In general, the farmers had a good knowledge of the fly larvae although they call it in the local language "worms" i.e. similar to other insect larvae and worms. But most of them did not know that it can be produced and used as a source of protein for poultry. Those using fly larvae are generally traditional poultry farmers whose poultry scavenge (Pomalegni et al., 2016) . Several farmers expressed the fact that they frequently observed their poultry foraging for insects, earthworms and other invertebrates as also mentioned by Ayssiwede et al. (2011) . Some farmers were reluctant to give fly larvae to their poultry. This reluctance is understandable but not fully justified. Veldkamp et al. (2012) reported that the fly larvae present no direct risk for the poultry, in contrast to adults, but they can accumulate heavy metals if the substrates are contaminated. Thus, for fly larvae production, the substrates should contain no or permissible amounts of heavy metals.
Several substrates of animal and plant origin are used to produce fly larvae. In our study, farmers already producing and using maggots ranked animal intestines first. This is certainly due to the fact that it is highly attractive to adult flies. However, animal intestines are never used alone to produce fly larvae but rather used as attractants with other substrates, in particular poultry and pig manures, which were ranked respectively second and third most efficient substrates. Cow dung and sheep manure were ranked as low value substrates. It is a well-known fact that ruminant manures alone are poor substrates for producing fly larvae because of their low nutritional value and, especially, their low protein content (Mpoame et al., 2004; Koné et al., 2017) . However, they can be used in mixture with highly attractive and nutritious substrates such as blood or fish offal (Koné et al., 2017) . Agro-processing byproducts were ranked first within plant organic substrates. These are domestic byproducts largely available on farm. In a similar survey in Benin, Pomalegni et al. (2017) showed that poultry farmers that produced fly larvae on farm used mainly soybean and maize bran (here included in the category "agro-processing by-products") and pig and chicken manure and animal cadavers. Perspectives for the valorization of substrate degraded by fly larvae as organic manure
The survey has shown that soil fertility restoration, fly larvae production and animal feed are three ways of utilizing substrates in the study area. Pig, sheep, rabbit and cow manure are mainly used for soil fertility restoration usually after composting to facilitate handling, transportation and management (Bernal et al., 2009) . This process has the advantage to improve the C:N ratio of the substrates (Larney et al., 2007) which are usually rich in carbon and low in nitrogen. Producing fly larvae with these organic substrates before using them as compost has a double advantage. Fly larvae are an excellent source of protein for poultry (Bouafou, 2007; Hwangbo et al., 2009 ) but also excellent biodegraders of organic material (Bouafou et al., 2006) . The biodegradation of the organic waste by the dipteran larvae is faster than the simple compost process because of the short development cycle of the insects, which varies between 4 to 30 days, depending on the species (Myers et al., 2008) . The manure residue becomes noticeably granular and its moisture content goes below 60%, which is suitable for further composting without adding bulking agents (Zhu et al., 2015) . The mouthpart of fly larvae, which is of crusher type, allows them to drill, cut and shred residues, which accelerates the decomposition process and plays an important role in nutrient recycling. For example it was demonstrated that black soldier fly larvae easily degrade organic matters of different sources, including domestic waste, poultry manure, pig and cow manure and even human excreta (Diener et al., 2011; Banks et al., 2014) . Čičková et al. (2012) demonstrated that house fly larvae reduce 1 kg of wet manure to range of 0.18 to 0.65 kg. Zhang et al. (2012) and Zhu et al. (2015) also demonstrated that house flies reduce significantly the organic carbon and nitrogen in pig manure. Wang et al. (2016) also found a significant decrease of dissolved organic matter concentrations from 192.9 to 77.1 g kg −1 , an enhancement of the hydrolysis of proteins and lipids, build-up of aromatic substances, and an increase of fulvic and humic substances in pig manure after one week of housefly larvae biodegradation. This generated a more stable bio-product for downstream utilization. Čičková et al. (2012) attributed these changes in the manure during the biodegradation by house fly larvae to the interaction between fly larvae and the microflora (bacteria, yeast and fungi) already present in the manure. Crawling and digestion increased the pore of the material, loss of water, ammonia and favoured the growth of aerobic microorganisms, which are responsible for the decomposition of the resistant compounds. However, the maturity and stability of the final products resulting from fly larvae biodegradation need to be determined in order to evaluate the efficiency of the compost.
Conclusion
Farmers in southern Benin have limited knowledge on the production of fly larvae on organic substrates. They do know most of substrates from animals and plants origin are able to attract flies. Farmers think that intestines of animals, animals' carcasses, poultry manure, pig manure, agro-processing by-products and brewery waste are suitable for fly larvae production. Further experimentation needs to be done to elucidate that point. The quality of these different types of substrate biodegraded by fly larvae needs to assess with the view of promoting them as soil amendments.
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